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METHOD FOR TRAINING A PERSON
RECOGNITION MODEL USING IMAGES
FROM A CAMERA, AND METHOD FOR

RECOGNIZING PERSONS FROM A
TRAINED PERSON RECOGNITION MODEL

BY MEANS OF A SECOND CAMERA IN A
CAMERA NETWORK

BACKGROUND OF THE INVENTION

The invention 1s based on an apparatus or a method. The
present mvention also relates to a computer program.

Monitoring systems for observing one or more monitor-
ing arcas are known, wherein at least one or a plurality of
monitoring cameras is/are aimed at the monitoring area(s).
In this case, a conspicuous object 1n the momtoring area, for
example a person or a vehicle, 1s tracked by the monitoring
camera. The i1mage sequences and/or video sequences
recorded by the monitoring cameras are forwarded to a
central umt, for example a momtoring center, and are
evaluated there by monitoring personnel and/or 1n an auto-
mated manner.

DE 10 2009 055 127 Al describes a video monitoring
system for detecting and tracking a conspicuous object,
wherein the object 1s detected on the basis of a predefined
model description by means of a detection device and 1s
tracked by a tracking device over a particular period,
wherein the tracking device captures a plurality of tracking,
parameters and has a feedback connection to the detection
device, with the result that, during repeated detection, the
tracking parameters are supplied to the detection device and
are taken into account for the purpose of detecting the
object.

SUMMARY OF THE INVENTION

Against this background, the approach presented here 1s
used to present a method for training a person recognition
model using 1mages from a camera, a method for recogniz-
ing persons from a trained person recognition model by
means of a second camera in a camera network, also an
apparatus which uses these methods, and finally a corre-
sponding computer program according to the invention.

A person recognition model 1s trained and adapted using
a plurality of recorded 1image sections from a camera in such
a manner that the person detected 1n the 1image sections can
also be recognized and tracked 1n other cameras in a camera
network.

A method for training a person recognition model using
images from a camera 1s presented, wherein the method has
the following steps of:

reading 1 a detection signal representing a detected
person within a monitoring area of at least the camera 1n a
camera network;

collecting a plurality of 1mage signals from the camera
using the detection signal which has been read 1n, wherein
the collected image signals represent a recorded image
section from each image from the camera; and

adapting the person recognition model using the collected
image signals in order to recognize the detected person in an
image Irom the camera or from an at least second camera 1n
the camera network.

A model may be a simplified representation of a sequence
or a complex relationship. The model 1s preferably 1n the
form of an artificial neural network, wherein the artificial
neurons are arranged and connected 1 a predetermined
network architecture, wherein the connections are used to
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2

interchange information. In this case, provision 1s made for
the intensity of the flow of information between two neurons
to be able to be changed by means of weighting. The weights
of the connections of the neural network are preferably
changed when adapting the model. A camera may be a
photographic apparatus which can record static or moving
images on a photographic film or electronically on a mag-
netic video tape or a digital storage medium or can transmit
them via an interface. A camera network may be a net-
worked security system having a plurality of cameras which
are arranged 1n a stationary manner and are used to monitor
a monitoring area. A monitoring area may be a defined,
usually public, area or space, for example 1 an airport or a
train station, which 1s monitored by a camera network in
order to sustainably improve the security situation through
the preventive and repressive eflect of the video monitoring.
An 1mage section may be a section of a scene which 1s
recorded in the photographic image.

The advantages of the method approach presented here
are, 1n particular, the fact that, by determiming at least one
control parameter for active camera control, a person rec-
ognition model can be tramned in such a manner that an
available volume of data relating to a detected person 1n a
monitoring area 1s artificially enriched. More robust and
illumination-invariant features for person recognition can be
generated on the basis of this artificially enriched volume of
data. As a result, a detected person can be seamlessly tracked
by an entire camera network, for example, without the
person’s 1dentity being lost or the person being mixed up
with another person being tracked. Furthermore, the use of
an intelligent video and/or 1image content analysis facilitates
the monitoring of critical facilities, for example of train
stations, airports and public places, since intelligent algo-
rithms automatically detect persons in the scene and can
track them over time. The monitoring system can therefore
automatically warn the security personnel 1f a person 1s 1n a
critical or sensitive area, for example, or another deviation
from the normal behavior 1s detected.

According to one embodiment, an extracting step can be
used to extract specific personal features of the detected
person ifrom the collected image signals, 1 particular
wherein an 1dentifier for identifying the person 1s assigned to
the specific personal features, and wherein the specific
personal features are output to the camera or to the second
camera in the camera network 1n the adapting step. On the
basis of this assignment information from specific personal
features linked to the identifier, a particular person can be
clearly and seamlessly tracked and 1dentified using the entire
camera network for monitoring a critical area.

According to one embodiment, a determining step can be
used to determine a control parameter for adjusting a record-
ing property of the camera or of the second camera, pret-
erably using a collected 1mage section, 1n particular wherein
the determined control parameter can be used to record at
least one further 1image signal 1n the collecting step. In this
case, the control parameter 1s primarily used to adapt the
recorded 1mage section or the 1mage section to be recorded
to the currently measured lighting conditions of the recorded
scene or the scene to be recorded and exactly this can be
adapted on the basis of lighting conditions to be expected 1n
tuture. The various requirements 1n rapidly changing scenes
are met by predictively controlling the camera or the second
camera by means of the control parameter. The camera or the
second camera 1s preferably adjusted using the determined
control parameters. In particular, the control parameters are
gradually and/or randomly varied in predetermined adjust-
ment ranges and the 1image sections are therefore recorded.
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According to one embodiment, a brightness and/or a
contrast and/or a color representation can be 1dentified as the
control parameter 1n the determining step. The data vari-
ability 1s increased by using or adapting the recorded image
section or the 1mage section to be recorded with regard to
illumination, contrast and color representation, which
improves the person recognition model. As an alternative or
in addition to the varied control parameters, the infrared
band-elimination filter of the camera 1s preferably deacti-
vated and the 1image section 1s recorded with the infrared
band-elimination filter deactivated and 1s used to adapt the
person recognition model.

According to one embodiment, the 1mage sections of
image signals can be collected along a movement trajectory
of the detected person 1n the collecting step. In this case, the
image sections recorded along the movement trajectory are
selected so as to extract specific features of the person from
these 1mage sections, which features can also be used to
uniquely assign the detected person in other cameras 1n a
camera network.

A method for recognizing persons from a trained person
recognition model by means of a camera or a second camera
in a camera network 1s presented, wherein the method has
the following steps:

the steps corresponding to a method for training a person
recognition model using 1mages from a camera;

capturing at least one second 1mage signal, wherein the
second 1mage signal represents a second 1mage section from
an 1mage irom the camera or from the second camera; and

recognizing a detected person in the second 1mage signal
which has been read 1n by means of the camera or the second
camera 1n the camera network using the person recognition
model.

According to one embodiment, 1n the steps corresponding
to the method for training a person recognition model using,
images from a camera, the specific personal features of the
detected person 1n the collected 1mage signals can be output
to the camera or to the second camera, wherein the person
already detected by the first camera 1s likewise recognized
by means of the specific personal features in the second
image signal which has been read by the camera 1tself or the
second camera 1n the recognizing step. On the basis of this
assignment information from specific personal features
linked to an 1dentifier, a particular person can be clearly and
seamlessly tracked and identified using the entire camera
network for monitoring a critical area.

According to one embodiment, 1n the steps corresponding
to the method for training a person recognition model using,
images from a camera, a determined control parameter can
be output to the camera or to the second camera, wherein the
determined control parameter 1s applied to the second image
section captured by the camera or the second camera 1n the
capturing step. The various requirements 1n rapidly change-
able scenes are reliably met by predictively controlling the
camera by means ol the control parameter, and a person
already detected by the first camera can also be uniquely
identified by the second camera in the camera network.

According to one embodiment, 1n the method for training
a person recognition model and/or 1n the method for recog-
nizing persons irom a trained person recognition model by
means of a second camera 1n a camera network, the first
camera and the second camera in the camera network can be
connected to a computer unit, 1n particular wherein the
collecting step and/or the recognizing step 1s/are carried out
on the computer unit. In this case, the plurality of image
sections recorded by the first camera and/or the second
camera are collected on the computer unit 1n order to train
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the person recognition model on the basis of the personal
features extracted from the 1mage sections.

One or more of the methods presented here can be
implemented, for example, 1n software or hardware or 1n a
mixed form of software and hardware, for example 1 an
apparatus or a control unit.

The approach presented here also provides an apparatus
which 1s designed to carry out, control and/or implement the
steps of a variant of a method presented here 1n correspond-
ing devices. The object on which the invention 1s based can
also be quickly and ethiciently achieved by means of this
embodiment variant of the invention in the form of an

apparatus.

For this purpose, the apparatus may have at least one
computing unit for processing signals or data, at least one
storage unit for storing signals or data, at least one 1nterface
to a sensor or an actuator for reading in sensor signals from
the sensor or for outputting data or control signals to the
actuator, and/or at least one communication interface for
reading 1n or outputting data which are embedded in a
communication protocol. The computing unit may be, for
example, a signal processor, a microcontroller or the like,
wherein the storage unmit may be a flash memory, an
EEPROM or a magnetic storage unit. The communication
interface may be designed to read n or output data 1n a
wireless and/or wired manner, wherein a communication
interface which can read 1n or output wired data can read 1n
these data electrically or optically from a corresponding data
transmission line, for example, or can output them to a
corresponding data transmission line.

In the present case, an apparatus can be understood as
meaning an electrical device which processes sensor signals
and outputs control and/or data signals on the basis thereof.
The apparatus may have an interface which may be designed
using hardware and/or software. In the case of a hardware
design, the interfaces may be part of a so-called system
ASIC, for example, which comprises a wide varniety of
functions of the apparatus. However, 1t 1s also possible for
the interfaces to be separate integrated circuits or to at least
partially comprise discrete components. In the case of a
soltware design, the interfaces may be software modules
which are present, for example, on a microcontroller in
addition to other software modules.

A computer program product or computer program having
program code which can be stored on a machine-readable, in
particular on a non-volatile machine-readable, carrier or
storage medium such as a semiconductor memory, a hard
disk store or an optical memory and 1s used to carry out,
implement and/or control the steps of the method according
to one of the embodiments described above, 1n particular 1
the program product or program 1s executed on a computer
or an apparatus, 1s also advantageous.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

Exemplary embodiments of the approach presented here
are 1llustrated in the drawings and are explained 1n more
detail in the following description. In the drawings:

FIG. 1 shows a schematic illustration of a first camera
having an apparatus for training a person recognition model
using 1mages from a camera according to one exemplary
embodiment;

FIG. 2 shows a schematic illustration of a second camera
having an apparatus for recognizing persons irom a trained
person recognition model according to one exemplary
embodiment;
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FIG. 3 shows an illustration for explaining the meaning of
active camera control using a control parameter during

person recognition according to one exemplary embodi-
ment,

FI1G. 4 shows an illustration for explaining the meaning of 53
active camera control using a control parameter during
person recognition according to one exemplary embodi-
ment;

FIG. 5 shows a simplified system structure for using a
method for training a person recognition model and a 10
method for recognizing persons from a trained person rec-
ognition model according to one exemplary embodiment;

FIG. 6 shows a tlowchart of an exemplary embodiment of
a method for tramning a person recognition model using
images from a camera according to one exemplary embodi- 15
ment; and

FI1G. 7 shows a flowchart of an exemplary embodiment of
a method for recognizing persons from a trained person

recognition model according to one exemplary embodiment.
20

DETAILED DESCRIPTION

In the following description of favorable exemplary
embodiments of the present invention, identical or similar
reference signs are used for the elements which are illus- 25
trated 1in the various figures and have a similar effect, in
which case a repeated description of these elements 1s
dispensed with.

FI1G. 1 shows a schematic illustration of a first camera 100
having an apparatus 105 for training a person recognition 30
model using 1mages from a camera 100 according to one
exemplary embodiment. The apparatus 105 for training a
person recognition model has a reading-in device 110, a
collection device 115, a determination device 120, an extrac-
tion device 125 and an adaptation device 130. 35

The reading-in device 110 1s designed to read in a
detection signal 135, wherein the detection signal 135 rep-
resents a detected person within a monitoring area at least of
the camera 100 1n a camera network. The collection device
115 1s designed to read in a plurality of 1image signals 140 40
from the camera 100 and to collect them using the detection
signal 135 which has already been read 1n by the reading-in
device 110, wherein the collected 1mage signals 140 repre-
sent a recorded 1mage section from each image from the
camera 100. The collection device 115 1s also designed to 45
collect the 1mage sections of the image signals 140 along a
movement trajectory of the detected person. According to
one exemplary embodiment, the 1mage signals 140 may
likewise be collected on an externally arranged computer
unit to which the camera 100 i1s connected. The determina- 50
tion device 120 1s designed to determine a control parameter
145 for adjusting a recording property of the camera 100
using the collected image signals 140 and an 1mage section
represented by the image signals 140. In this case, a bright-
ness and/or a contrast and/or a color representation can be 55
identified as the control parameter 145. In this case, the
collection device 1135 1s then also designed to use the
identified control parameter 145 to record at least one further
image signal 140. The extraction device 1235 1s designed to
extract specific personal features 150 of the detected person 60
from the collected image signals 140. In this case, an
identifier for 1dentitying the person 1s also assigned to the
specific personal features 150. Finally, the adaption device
130 1s designed to adapt the person recognition model using
the collected 1mage signals 140 in order to recognize the 65
detected person 1n an at least second camera 1n the camera
network. In this case, the adaptation device 130 1s also
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designed to previously output the specific personal features
150 and the control parameter 145 to a second camera 1n the
camera network.

FIG. 2 shows a schematic illustration of a second camera
200 having an apparatus 205 for recognizing persons from
a trained person recognition model according to one exem-
plary embodiment. The apparatus 205 for recognizing per-
sons from a trained person recognition model by means of
a second camera 200 1n a camera network has a capture
device 210 and a recognition device 215.

The capture device 210 1s designed to capture at least one
second 1mage signal 220, wherein the second 1mage signal
220 represents a second 1mage section from an 1image from
the second camera 200. In this case, the capture device 210
1s also designed to capture the determined control parameter
145 and to apply 1t to the captured second 1mage section,
wherein the determined control parameter 145 for adjusting
a recording property ol the second camera 200 using a
collected 1mage section 1s output to the second camera 200
by the adaptation device of the apparatus for training a
person recognition model from FIG. 1. Finally, the capture
device 210 1s designed to capture the extracted specific
personal features 150. The recognition device 215 1s
designed to recognize a detected person 1n the second 1image
signal 220 which has been read 1n by means of the second
camera 200 in the camera network using the person recog-
nition model. In this case, the recognition device 215 1s
designed, 1n particular, to recognize the detected person on
the basis of the specific personal features 150 from the
captured second image signal 220, wherein the specific
personal features 150 for recognizing the detected person
from the collected 1image signals are output to the second
camera 200 by the adaptation device of the apparatus for
training a person recognition model from FIG. 1. According
to one exemplary embodiment, the detected person can
likewise be recognized on the basis of the specific personal
features from the captured second image signal 220 on an
externally arranged computer unit to which the second
camera 200 1s connected.

FIG. 3 shows an illustration for explaining the meaning of
active camera control using a control parameter during
person recognition according to one exemplary embodi-
ment. In this case, the illustration has four recorded image
sections 305, 310, 315, 320 which are recorded by a camera
without active camera control at four different times.

A person 325 who 1s detected by the camera and 1s tracked
along a movement trajectory 330 over a particular period
can be seen 1n the image sections 305, 310, 315, 320. In
order to now train a model which can be used for person
recognition, a plurality of image sections 3035, 310, 315, 320
ol the detected person 325 are selected and collected along
the movement trajectory 330 of the person 3235 1n order to
extract or learn specific features of the person 323 from these
collected 1image sections 305, 310, 315, 320. The enlarged
left-hand 1mage 340 shows a superimposed overall scene of
the four 1mage sections 305, 310, 315, 320 which have been
recorded and collected. The four image sections 305, 310,
315, 320 were each recorded at four diflerent times, wherein
the 1mage section 305 was recorded first at the time t-3,
followed by the 1image section 310 at the time t-2, followed
by the 1mage section 3135 at the time t-1. The 1image section
320, recorded at the time t, shows the most up-to-date image
section.

FIG. 3 also illustrates a function 345 relating to the
camera control activity, the x axis of which indicates a
brightness parameter and the y axis of which indicates a time
profile according to one exemplary embodiment. In this
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case, the graph 350 of the function 345 indicates inactivity
of the camera control, wherein it becomes clear that the
graph 350 1s represented as a straight line along the time
profile since the camera control 1s consistently constant for
all four 1mage sections 305, 310, 315, 320.

As can be seen 1n FIG. 3, the image sections 305, 310,
315, 320 are identical. Only a limited number of 1mage
sections of the person 323 can therefore be used 1n a camera
which does not have any active camera control since the
variability 1n the data 1s low, 1n particular in scenes with
constant 1llumination. Accordingly, the three 1mage sections
310, 315, 320 are crossed out since these additional image
sections 310, 315, 320 at the times t-2, t—1 and t do not
provide any added value. Only the 1image section 305 at the
time t-3 can therefore be used. Conventional constant
camera control assumes that the scene does not change
substantially from image to image. The control parameter of
the camera, which 1s calculated for the visible scene 1n FIG.
3, 1s therefore assumed to remain valid for the next images.
However, this assumption loses 1ts validity 1n some appli-
cations 1 which rapidly changeable scenes occur, for
example when tracking a fugitive. During conventional
camera control, there 1s therefore a lagging behind, with the
result that the image sensor of the camera can no longer
correctly reproduce the changing lighting conditions.

Furthermore, there are problems with intermittent distur-
bance events, for example a group of people walking past in
front of the camera. There 1s therefore a need for active
camera control which allows a satisfactory implementation
of the recorded scene 1n an 1mage section even 1n the case
of rapidly changeable scenes.

Another problem 1s that great differences 1n the point of
view and illumination over different camera views can
greatly change the appearance of the person 325, which
makes 1t dithicult to 1dentify the persons 325 again in further
cameras 1n a camera network. The important challenge lies
in the high variability 1n the person’s appearance on account
of different lighting conditions and/or different camera
views and/or concealment of the persons 325 and/or an only
occasionally rotationally symmetrical appearance of the
person 325 and on account of traiming data which are
available only to a limited extent in order to generate a
robust model.

FIG. 4 shows an illustration for explaining the meaning of
active camera control using a control parameter during
person recognition according to one exemplary embodi-
ment. In this case, the illustration has four recorded 1mage

sections 305, 310, 315, 320 which have been recorded by a
camera with active camera control at four different times.

A person 325 who 1s detected by the camera and 1s tracked
along a movement trajectory 330 over a particular period
can be seen in the image sections 305, 310, 315, 320. The
enlarged left-hand image 340 shows a superimposed overall
scene of the four image sections 305, 310, 315, 320 which
have been recorded and collected. The four 1image sections
305, 310, 315, 320 were each recorded at four diflerent
times, wherein the 1mage section 305 was recorded first at
the time t-3, followed by the image section 310 at the time
t—-2, followed by the 1image section 315 at the time t-1. The
image section 320, recorded at the time t, shows the most
up-to-date 1mage section.

FIG. 4 also illustrates a function 343 relating to the
camera control activity, the x axis of which indicates a
brightness parameter and the y axis of which indicates a time
profile according to one exemplary embodiment. In this
case, the graph 350 of the function 345 indicates activity of
the camera control, wherein 1t becomes clear that the camera
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control 1s actively changed over the time profile for each of
the four recorded 1image sections 305, 310, 315, 320.

If the person 325 enters the field of vision of the camera
in the camera network for the first time, the plurality of
image sections 305, 310, 315, 320 of this person 325 are
stored and collected 1n a computer unit or a collection device
of the apparatus for training the person recognition model,
wherein specific personal features of the person 3235 are
extracted from these collected image sections 305, 310, 315,
320. A unique 1dentifier 1s also assigned to these specific
personal features, wherein the 1dentifier may be a combina-
tion of numbers and/or a combination of letters. A person
recognition model 1s tramned and adapted on the basis of
these personal data 1n order to recognize the same person
325 1n another camera 1n the camera network and to link said
person to the originally allocated specific personal features
and the i1dentifier.

Active camera control 1s used to change a recording
property of the camera 1n each recorded image section 305,
310, 315, 320 using a determined control parameter, with the
result that new data for training the person recognition
model are generated at times t-2, t-1 and t. The control
parameter may be a parameter for adapting a brightness
and/or a contrast and/or a color representation to the image
sections 303, 310, 315, 320. It can be clearly seen that the
person’s clothing at least changes 1its color in FIG. 4 since
the color representation 1s influenced by the camera control.

Actively controlling the camera control also makes 1t
possible to considerably increase the data vanability along
the movement trajectory 330 of the person 325. As a result
of the artificially enriched data, more robust person recog-
nition models can be trained using neural networks or the
number of 1mage sections 303, 310, 315, 320 1n a computer
unit for the person 325 can be decisively increased. Actively
controlling the camera control has a direct effect on the
representation of the camera image. Useful data enrichment
can no longer be carried out as a result of the active camera
control being interrupted, which would considerably reduce
the person recognition accuracy.

Modern cameras can also be controlled in such a manner
that they change over to a special night mode. In this mode,
although there 1s a changeover to grayscale images, the
infrared band-elimination filter 1s deactivated. This has the
advantage that wavelengths which are 1invisible to the person
are also recorded in the 1images. These recordings then have
appearance-based properties of the person 325 which cannot
be percetved by the person but constitute an additional 1tem
of information for person recognition and therefore increase
the information content.

FIG. 5 shows a simplified system structure for using a
method for tramning a person recognition model and a
method for recognizing persons from a trained person rec-
ognition model according to one exemplary embodiment.
The system structure has the first camera 100 and the second
camera 200 which are arranged and are connected to one
another 1n a camera network 505, as well as an externally
arranged computer unit 310 to which the first camera 100
and the second camera 200 are connected.

Both the first camera 100 and the second camera 200 are
aimed at a first monitoring area 515 to be momtored and a
second monitoring area 520 to be monitored. A conspicuous
person 325 is respectively detected in this first monitoring
area 5135 and in this second monitoring area 520 using a
detection signal 135 and 1s tracked by the first camera 100
and by the second camera 200 on the basis of a movement
trajectory 330 of the person 325. The first camera 100
records a plurality of image signals 140, wherein the image
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signals 140 represent a plurality of image sections from an
image 340 from the first camera 100. In this case, the image
sections are recorded along the tracked movement trajectory
330 of the person 325. The recorded 1mage sections are
forwarded to the externally arranged computer unit 510 5
where the 1mage sections are stored and collected. A control
parameter 145 for adjusting a recording property of the
camera 100 1s determined using the collected 1image sec-
tions. In this case, a brightness and/or a contrast and/or a
color representation 1s/are determined as the control param- 10
cter 145. The determined control parameter 145 1s then used
to record at least one further image signal 140. In addition
to determining the control parameter 145, specific personal
features 150 of the person 325 are extracted using the
collected 1mage sections and a unique i1dentifier 1s assigned 15
to the person 325. A person recognition model 1s now trained
and adapted on the basis of these personal data 1n order to
likewise recognize the same person 325 in the second
camera 200 in the camera network 3505 and to link said
person to the originally allocated specific personal features 20
150 and the identifier as soon as the person 3235 1s 1n the
monitoring arca 520 of the second camera 200. For this
purpose, the control parameter 1435 and the specific features
150 of the detected person 325 are output to the second
camera 200 1n the camera network 505. The second camera 25
200 captures a second image signal 220 representing a
second 1mage section from an 1mage 340 from the second
camera 200. The determined control parameter 145 1s
applied to the second 1image section and the specific personal
teatures 150 of the detected person 325 are i1dentified in the 30
second 1mage signal 220 which has been read in. The
detected person 325 1s therefore uniquely identified by the
second camera 200 using the person recognition model.

It 1s also conceirvable for the second 1image signal 220 to
be recorded by the first camera 100 (for example at a later 35
time) and to be used to recognize the person in the area
monitored by the first camera 100 (at the corresponding later
time). It 1s therefore not absolutely necessary to adapt the
model only 11 a person 1s recognized 1n an 1mage captured by
the second camera 200 using the data from the camera 100, 40
but rather the adaptation of the model can also be used again
to recognize persons from image sections of 1mages cap-
tured by the camera 100.

FIG. 6 shows a tlowchart of an exemplary embodiment of
a method 600 for training a person recognition model using 45
images from a camera according to one exemplary embodi-
ment. The method 600 can be used using the apparatus
presented 1n FIG. 1 for training a person recognition model
using 1mages from a camera.

The method 600 first of all has a step 605 1n which a 50
detection signal representing a detected person within a
monitoring area of at least the camera 1n a camera network
1s read 1. The method 600 then has a step 610 1n which a
plurality of 1mage signals from the camera are collected
using the detection signal which has been read in, wherein 55
the collected image signals represent a recorded image
section from each 1mage from the camera. The i1mage
sections of the image signals are collected 1n this case along
a movement trajectory of the detected person. According to
one exemplary embodiment, step 610 can likewise be car- 60
ried out on an externally arranged computer unit. In a step
615 of the method 600, a control parameter for adjusting a
recording property of the camera using a collected 1mage
section 1s determined. In this case, a brightness and/or a
contrast and/or a color representation can be 1dentified as the 65
control parameter. Step 610 of the method 600, 1n particular,
can then be carried out again 1n order to use the determined
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control parameter to record at least one further image signal.
In a further step 620 of the method 600, specific personal
features of the detected person are extracted from the
collected 1image signals, 1n particular wherein an identifier
for identiiying the person 1s assigned to the specific personal
teatures. Finally, the method 600 has a step 625 1n which the
person recogmtion model 1s adapted using the collected
image signals 1n order to recognize the detected person in an
image irom the camera or from an at least second camera 1n
the camera network, wherein the specific personal features
are likewise output to the camera or to the second camera 1n
the camera network in step 625.

FIG. 7 shows a flowchart of an exemplary embodiment of
a method 700 for recognizing persons ifrom a trained person
recognition model according to one exemplary embodiment.
The method 700 can be used using the apparatus presented
in FIG. 2 for recognizing persons from a trained person
recognition model. Before the method 700 for recognizing
persons from a trained person recognition model can be
carried out, 1t 15 necessary to carry out the steps of the
method for training a person recognition model from FIG. 6.

The method 700 first of all has a step 705 1n which at least
one second i1mage signal i1s captured, wherein the second
image signal represents a second image section from an
image from the camera or from the second camera. In this
case, the control parameter determined in the previous
method for training a person recognition model 1s to be
output to the camera or to the second camera, with the result
that the determined control parameter can also be applied to
the captured second 1image section 1n step 705 of the method
700. Finally, the method 700 has a step 710 1n which the
detected person 1s recognized in the second image signal
which has been read in by the camera or the second camera
in the camera network using the person recognition model.
In this case, the specific personal features of the detected
person 1n the collected image signals 1n the previous method
for training a person recognition model are to be output to
the camera or to the second camera, with the result that the
specific personal features of the detected person can also be
identified 1n the second 1image signal which has been read 1n
in step 710 of the method 700.

According to one exemplary embodiment, step 710 can
likewise be carried out on an externally arranged computer
unit.

If an exemplary embodiment comprises an “and/or” con-
junction between a first feature and a second feature, this
should be read such that the exemplary embodiment has
both the first feature and the second feature according to one
embodiment and has either only the first feature or only the
second feature according to another embodiment.

The mvention claimed 1s:

1. Amethod (600) for training a person recognition model
using 1mages ifrom a camera (100), the method (600) com-
prising;:

reading 1n (605) a detection signal (135) representing a

detected person (323) within a monitoring area (515) of
a first camera (100) in a camera network (505);
collecting (610) a plurality of image signals (140) from
the first camera (100) using the detection signal (135)
which has been read 1n, wherein the collected 1mage
signals (140) represent a recorded 1mage section (305,
310, 315, 320) from each image (340) from the camera
(100), wherein the 1image sections (305, 310, 315, 320)
of 1mage signals (140) are collected along a movement
trajectory (330) of the detected person (325) in the
collecting step (610), wherein each 1image section of the
image sections (305, 310, 315, 320) 1s collected at a
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different time than the other 1mage sections, wherein
the collecting (610) of the plurality of image signals
(140) includes controlling the first camera (100) by
randomly varying a control parameter of the first cam-
cra (100) within a predetermined adjustment range, and
wherein

the control parameter (145) includes at least one of a

group consisting of a brightness, a contrast, and a color
representation; and
adapting (625) the person recognition model using the
collected 1image signals (140) in order to recognize the
detected person (325) 1n an 1mage {rom the first camera
(100) or 1n an 1image from the second camera (200) in
the camera network (505).
2. The method (600) according to claim 1, of the method
turther comprising extracting (620) specific personal fea-
tures (150) of the detected person (325) from the collected
image signals (140), wherein the specific personal features
(150) are output to the first camera (100) or to the second
camera (200) in the camera network (305) 1n the adapting
step (625).
3. The method (600) according to claim 1, wherein the
first camera (100) and the second camera (200) 1n the camera
network (505) are connected to a computer unit (510),
wherein the collecting step (610) and/or the recognizing step
(710) 1s/are carried out on the computer unit (510).
4. A method (700) for recognizing persons from a trained
person recognition model, the method (700) comprising:
reading 1n (605) a detection signal (135) representing a
detected person (325) within a monitoring area (315) of
a first camera (100) 1n a camera network (3505);

collecting (610) a plurality of image signals (140) from
the first camera (100) using the detection signal (135)
which has been read 1n, wherein the collected 1mage
signals (140) represent a recorded 1mage section (305,
310, 315, 320) from each image (340) from the first
camera (100), wherein the 1mage sections (3035, 310,
315, 320) of image signals (140) are collected along a
movement trajectory (330) of the detected person (325)
in the collecting step (610), wherein each 1image section
of the 1image sections (305, 310, 315, 320) 1s collected
at a diflerent time than the other image sections,
wherein the collecting (610) of the plurality of image
signals (140) includes controlling the first camera (100)
by randomly varying a control parameter of the first
camera (100) within a predetermined adjustment range,
and wherein

the control parameter (145) includes at least one of a

group consisting of a brightness, a contrast, and a color
representation;
adapting (625) the person recognition model using the
collected 1mage signals (140) in order to recognize the
detected person (325) 1n an image from the at least one
camera (100) or in an 1mage from the second camera
(200) 1n the camera network (505);

capturing (705) at least one second 1mage signal (220),
wherein the second image signal (220) represents a
second 1mage section from an image (540) from the
first camera (100) or from the second camera (200); and

recognizing (710) a detected person (325) in the second
image signal (220) which has been read 1n by means of
the first camera (100) or the second camera (200) in the
camera network (5035) using the person recognition
model.

5. The method (700) according to claim 4, in which, the
specific personal features (150) of the detected person (325)
in the collected 1mage signals (140) are output to the first
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camera or to the second camera (200), wherein the specific
personal features (150) are recognized in the second 1mage

signal (220) which has been read 1n 1n the step of recogniz-
ing (710) the detected person (325).
6. The method (700) according to claim 4, in which, the

determined control parameter (133) 1s output to the first
camera or to the second camera (200), wherein the deter-
mined control parameter (1435) 1s applied to the captured
second 1mage section 1n the capturing step (705).
7. An apparatus (105; 2035) comprising a computer,
wherein the computer 1s configured to
read (605) a detection signal (135) representing a detected
person (3235) within a monitoring area (5135) of a first
camera (100) 1n a camera network (505);
collect (610) a plurality of image signals (140) from the
first camera (100) using the detection signal (135)
which has been read 1n, wherein the collected 1mage

signals (140) represent a recorded 1mage section (305,
310, 315, 320) from each image (340) from the camera
(100), wherein the 1image sections (305, 310, 315, 320)
of 1mage signals (140) are collected along a movement
trajectory (330) of the detected person (325) in the
collecting step (610), wherein each 1image section of the
image sections (305, 310, 315, 320) 1s collected at a
different time than the other 1mage sections, wherein
the collecting (610) of the plurality of image signals
(140) includes controlling the first camera (100) by
randomly varying a control parameter of the first cam-
cra (100) within a predetermined adjustment range, and
wherein

the control parameter (145) includes at least one of a

group consisting of a brightness, a contrast, and a color
representation; and
adapt (625) the person recognition model using the col-
lected 1mage signals (140) 1n order to recognize the
detected person (325) 1n an 1image from the first camera
(100) or 1n an 1mage from the second camera (200) 1n
the camera network (503).
8. A non-transitory, computer-readable medium contain-
ing computer-executable instructions that when executed by
the computer cause the computer to
read i (605) a detection signal (135) representing a
detected person (323) within a monitoring area (515) of
a first camera (100) 1n a camera network (505);

collect (610) a plurality of image signals (140) from the
first camera (100) using the detection signal (135)
which has been read 1n, wherein the collected 1mage
signals (140) represent a recorded 1mage section (305,
310, 315, 320) from each image (340) from the first
camera (100), wherein the 1image sections (303, 310,
315, 320) of image signals (140) are collected along a
movement trajectory (330) of the detected person (3235)
in the collecting step (610), and wherein each 1image
section of the image sections (305, 310, 315, 320) 1s
collected at a different time than the other image
sections, wherein the collecting (610) of the plurality of
image signals (140) includes controlling the first cam-
era (100) by randomly varying a control parameter of
the first camera (100) within a predetermined adjust-
ment range, and wherein

the control parameter (145) includes at least one of a

group consisting of a brightness, a contrast, and a color
representation;

adapt (625) the person recognition model using the col-

lected 1mage signals (140) 1n order to recognize the
detected person (325) in an image from the at least one




US 11,126,852 B2

13

camera (100) or in an 1mage from the second camera
(200) 1n the camera network (505);

capture (705) at least one second image signal (220),
wherein the second image signal (220) represents a
second 1mage section from an image (540) from the
first camera (100) or from the second camera (200); and

recognize (710) a detected person (325) in the second
image signal (220) which has been read in by means of

the first camera (100) or the second camera (200) in the
camera network (5035) using the person recognition
model.

9. Amethod (600) for traiming a person recognition model
using 1mages from a camera (100), the method (600) com-
prising;:

reading 1 (605) a detection signal (135) representing a

detected person (325) within a monitoring area (315) of
a first camera (100) 1n a camera network (3505);
collecting (610) a plurality of image signals (140) from
the first camera (100) using the detection signal (135)
which has been read 1n, wherein the collected 1mage
signals (140) represent a recorded 1mage section (305,
310, 315, 320) from each image (340) from the camera
(100), wherein the collecting (610) of the plurality of

10

15
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image signals (140) includes controlling the first cam-
era (100) by randomly varying a control parameter of
the first camera (100) within a predetermined adjust-
ment range, and wherein

the control parameter (145) 1ncludes at least one of the

group consisting of a brightness, a contrast, and a color
representation;

and

adapting (625) the person recognition model using the

collected 1mage signals (140) in order to recognize the
detected person (325) 1n an 1image from the {irst camera
(100) or 1n an 1mage from the second camera (200) 1n
the camera network (505).

10. The method (600) according to claim 9, wherein the
control parameter 1s a parameter for adapting a brightness to
the 1mage sections (305, 310, 315, 320).

11. The method (600) according to claim 9, wherein the
control parameter 1s a parameter for adapting a contrast to
the 1mage sections (305, 310, 315, 320).

12. The method (600) according to claim 9, wherein the
control parameter 1s a parameter for adapting a color rep-
resentation to the 1mage sections (305, 310, 315, 320).
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